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Band Frequency Range 
33cm 902 to 928 MHz 

23cm 1240 to 1300 MHz 
13cm 2300 to 2310 MHz 


2390 to 2450 MHz 
9cm_ 3300 to 3500 MHz 
6cm 5650 to 5925 MHz 
3cm_ 10000 to 10500 MHz 
1.25cm 24000 to 24250 MHz 
-6cm 47000 to 47200 MHz 
.35 cm 77000 to 81000 MHz 
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Weak signal work in NA 

902 MHz (Region Il only NA & SA) 
1296 MHz 

2304 MHz (2301 VK, 2320 some Europe 
and VE -— cross band required 

2424 JA 

3456 MHz (3400 MHz used for EME) 
5760 MHz 

10368 MHz (10450 MHz used by JA) 
24192 MHz (24048 MHz used for EME) 
47088 MHz 

78192 MHz (77184 MHz used by 
RW3BP, W5LUA, & VE4MA) 


The problem...Not all countries have same allocation as us........ 
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First 902 MHz EME QSO on January 22, 1988 between K5JUL and WA5ETV 
First 1296 MHz EME QSO in 1960 between W1BU and W6HB 

First 2304 MHz EME QSO in 1970 between W4HHK and W3GKP 

First 3456 MHz EME QSO on April 7, 1987 between W7CNK and KD5RO 
First 5760 MHz EME QSO on April 24, 1987 between W7CNK and WASTNY 
First 10868 MHz EME QSO on August 27, 1988 between WA7CJO and 
WA5VJB 

First 24192 MHz EME QSO on August 18, 2000 between W5LUA and 
VE4MA 


First 47088 MHz EME QSO in January 2005 between RW3BP and AD6FP 
followed by W5LUA and RW3BP 

First 77184 MHz EME QSO TBD — RW3BP has heard echoes and was 
copied by W5LUA in June 2013, VE4MA also working towards EME. 
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¢ Joe Taylor's (K1JT) WSJT digital modes have certainly 
revolutionized weak signal, meteor, and EME communications 

¢ JT-65A used on 6M 

¢ JT-65B used on 2M through 70 cm 

¢ JT-65C used on 1296 MHz through 5760 MHz — Struggle at 5760 
MHz due to excessive doppler shift during 1 minute transmission — 
Hand always on knob! 

¢ Using JT-65C on 10 GHz and higher a struggle due to doppler shift 
being more than 200 Hz per minute! 

¢ Additional challenge is that on 10 GHz and higher, the libration 
spreading can be as large as several hundred Hz which is much 
more than the 10.8 Hz tone spacing of JT65C — Signals sound 
aurora like 
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¢ The JT-4 mode uses 4 tones and offers a 
range of tone spacings up to 315 Hz. 

¢ JIT-4F was found to be optimum for 10 and 
24 GHz based on normal spreading of the 
signal. 

¢ Only disadvantage of JT-4F is that there 
is no sync pulse as power is divided 
equally among the 4 tones. 
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andwidth Comparison between rom 
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JT4 Modes and JT-65C i 


as Factor Tone Spacing Bandwidth 
(Hz) (Hz) 


4.375 


When libration spreading is low, contacts on 10 GHz are possible with 
JT-65C but our success rate went up with the JT-4 modes especially 
at 24 GHz where the spreading shows less peaking than seen at 10 
GHz. Narrower antenna beamwidths also help to reduce the effective 
spreading of signals 
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The WSUT waterfall only has a several KHz wide passband. 


How do we keep our continuously doppler shifted signal within the pass 
band? Doppler can be as high as 25 kHz at moon rise on 10 GHz 


Answer...we must continuously correct our receive frequency to 
compensate for the mutual doppler between us and the station we are trying 
to work. 


Initially VK7MO was doing all the frequency correction at his end for both 
receive and transmit so all | had to do was set my Flex5000 to the sked 
frequency 

Recently KSGW wrote similar code for the Flex5000 to control both my 
receive and transmit frequencies so as to put my transmitted frequency 
precisely on the schedule frequency at any observer on earth by just 
knowing their 6 digit grid square. 

GPS frequency locking is a requirement for the microwave LO. 


Picking the best times (= 


¢ Perigee (when the moon is closest to earth) is 
always best 

¢ Need to pick times when spreading is lowest so 
that the tones can fall into the narrow spaced 
frequency bins required for both JT-65C and JT-4 

¢ | use an EME tracking program by K5GW that 
predicts times of lowest libration spreading — other 
programs by VK3UM and F1EHN 
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5M and 2.4M Dishes at W5LUA 


Used on 432 MHz through 10 GHz 
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Used on 24, 47 and 77 GHz 
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gePr0K7MO .7M Prime Focus Dish (C= 
used on 10 GHz EME es 


3dB Beamwidth 
=2.5 degrees 


DB6NT Power 
amplifier 45 watts 
@ the feed 


NF 1 dB 
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a VK7MO uses rifle scope for fs 
tracking 
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VK7MO Receiving W5LUA in rn 
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Working some issues with DT numbers that appear to be 1 to 
2 seconds high compared to actual path delay prediction 
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QSO Procedure using JT-4F/G (= 


es 


¢ Both stations send 1270 Hz to help with alignment — 
usually for about 5 minutes 

¢ Both calls are sent 

¢ When both calls are received then send both calls and 
dB signal report as calculated by WSJT 

¢ When both calls and report are received then send 
single tone @1500 Hz which designates R 

¢ When R is received , then send single tone @1 700 Hz 
which designates 73 

¢ When signals are strong then text can be substituted for 
single tones 
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1.14M Prime Focus Dish used ro 
by VK7MO on 24 GHz EME Merona 


AZ-EL Mount Details 


WWW.NTMS.ORG 


24 GHz QSO with VK7MO 


SpecJT by K1JT 


Options: Freq: 1579 DF: 309 (Hz) 
0-400 0 O 700 800 900 1000 1100 1200 1300 1400 


09:19:36 
TL | 


_. WSJT 9.5 13033. by K1JT 


File Setup View Mode Decode Save Band Help 


1500 1600 


Trooboobobo tebe bo teeter tebe ede 


Af 
4 ‘ /| pd ‘ ns F 
WAN My a Wy VAY ae Va Newly 


1020913 DF (Hz) 
FilelD 


WSLUA VK7! 


To radio: UA Lookup 
Gri femiaqe =A 
Az.0 Omi 
2013 Apr 25 
09:19:36 


inv A Breeze 
Tx First 
Rpt 
Gen Msgs 


0.9999 1.0001 a Freeze DF: -10 | Rx noise: 0dB | T/R Period: 60 s 


-MU USB 


WSLUA_130425_091700 


using JT-4F 


he | FlexRadio Systems™ PowerSDR™ v2.5.3 FLEX-5000: 1708-2183 
Setup Memory Wave Equalizer XVTRs CWX Mixer Antenna FlexControl £&5C 


Get Help 


Heros 


About 


Microwave 


Society 


VFO A 
th SE VFO Sync Tune 


— 24048.107 688 = 
ae Tin 0 688 YFO Lock S 


10Hz 


TR 7819211256 Save |" Restore 


WOx —————————— 


VEG 


24048.092 312 


RX1 Meter TX Meter 
[Save Fl || 
jj ||_-101.6 dBm| 


WUT 0 —24048.070 24048.080 24048.090 24048.100 


24048.070 24048.080 24048.090 


=] Pan: | |Center Zoom: |"T 


45: | i OSPET ASE ANE ¥ 
Tx: ANTI ACB NB2 ‘AVG Peak 


ets iN FSV" HS BIN TNE INF 


xIT 0 “RIT O 


0 Bi feo li | Muley 
| 


4/25/2013 
LOC 09:19:36 
CPU %: 27.3 


(VAET “VACZ 


Swap 


AGC-T: 90 NR 


Panadapter BM 


| DATE ict | AZ EL Azc ELC | 
3 84/25/13 MOON OFF 234.88 22.92131.9 @.1 12.7 
ANTENNA AZIM — ELEU 
1296 66.05 88.42 Doppler :—39864.8 
2304 139.84 85.04 Sky Tem: 2.7? 
3408 140.28 85.00 Loss dB: 8.49 18 
5768 189.28 87.58 Tdeg dB: @.49 
10368 131.87 88.42 Pol: —45 
24048 234.93 23.1) Lib: 242.5 
47088 93.62 23.24 
77184 103.41 22.74 


Band: 24648MHZ APR 25 2613 


SUN MON TUE WED 


AUTO ZERO ———5 STATION B DATA 
Revr freq:24048 187698 :UK2MO Grid: 
kntr freq:24048 .092318 :-42.896 Lon: 
Sked freq:24048 .100000 
Stn2 freq:24048 100800 25 Mdop: 
Mpo 1: 
Mlib: 


24048.110 


24048.100 24048.110 


EZ 2PC 
212.768 


7688 
3 
126 


24048.120 


24048.120 


> <E> <B/b> <T> <A> <M> <U> <Z> <C> <F> <O> <L> <P> 
exit bnd tgt a/t man pos a/z cal stnB lib plan 


«t> —-> 


24048.130 24048.140 


1296 2304" "3400 
3456 5760" "10368 
"24048 24192) “47088 


24048.130 
the. HF 78192) 77184 


24048.140 


TSB” (POSEN “HSE 

Corn Cw” FM 
SAM™ “SPEC 
DIEU" "DAW 


Tx 2K ax Ta FRK 


2.9k 
Transmit Profile 


¥ —_\ i 
r Var 
Show TX Filter 


Won Display 


Low/150 BBhioh 
RXEQ TRE) | Width | oy 


Shift:| 1 
Tie TK RX2 Meter 
29k 27k" 

Var 1 “War2 


om 


North 
Texas 


VK/7MO Seeing his Echoes on 24 GHz 


Microwave 


Society 


@ SpecJT by K1JT Piel x< 
i] Options Freq: 2170 DF: 899 (Hz) Bw | < > Speed: ( 1 { HT € #2 
JO 600 700 6800)«6©900 «#1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 250) 


eS og yee Bary Ptahs f 
oy A He 2 at 2 


eee 07:59:43 Be [4 


WWW.NTMS.ORG 


24 GHz EME QSO Between W5LUA 
and OZ1FF 
March 2013 


North 


Texas 


OZ1FF on 24 GHz — 1270 Hz sa 


Microwave 


Society 


S SpecJT by K1JST © fel) 
CT 


400 500 600 700 a a 1000 1100 1200 1300 1400 bi i 1600 i 1800 1900 2000 2100 2200 2301 


PlnnGee 13.5755 i 


North 
Texas 


NTMS 


Microwave 


Society 


ge [SIT 9.5 r3033 by K1JIT 


File Setup Views Mode Decode Save Band Help 


40 Time (s) tors am a lescas ly) Sls eee oe) 

134700 1 -19 -oO.5 SFL q* 

134900 “a -19 -1.3 -599 4 2 

135100 oO -—-20 -O.6 BS24 4 

135300 oO -21 4.6 486 = 

135500 o -—-21 -0O0.8 470 4 

135700 a -19 -O.9 -545 oF 

[= 

135700 > 7/7 

135700 5/5 


To radio: fOZiFF Lookup i Sync | ee prrrwauaens 
Grid: [s045bo Add Tol 400 [ AFC Joz1 FF ¥WS5LUA, -21 o 
Minvy & | [ Freeze OZ1FF ¥¥SLUA R-21 @ |S 
IV Tx First @1500 (RRR3 - 
Rpt: |-21 @1700 (73) - 
Dsec 0.0 
ceo msos | RD fers : 


1.0000 0.9999 Freeze DF: O Rx noise: 0 dB TAR Period: 60 = 


AZ 35 4895 mi 


OZ1FF on 24 GHz se 


NTMS 


sending messages a 


“ SpecJT by K1JT 
Options Freq: 1765 DF: 495 (Hz) Buy | <i>] Speed (1023 € 4 @ 5 (HC H2 
30 6400 «650066006700 )3= 800) 900) »=1000 1100 1200 1300 1400 baie 1600 uP 1800 1900 2000 2100 2200 230 


eee 13.5950 i —— 


North 
Texas 


alls Received NTMS 


Microwave 


Society 


< wsJT9.5 13033. byK1JT 


File Setup Views Mode Decode Save Band Help 


3.4 Time (Ss) OZ1FF_130311_140100 


135300 o -21 4.6 456 


? 
135500 0 4 
135700 a a 
135900 6 -15 4.93 -13 73 * WSLUA OZ1FF 1 oO: 
140100 2 ao = 
140100 0 4a 


140100 7 Ff? 
140100 4/4 


Se a ea 


To radio: Joz1 FF Lookup | Sync 1 | [ Zap OZ1FF VVS5SLUA, EM13 
Gra:  fsoasbo— die Tol_so_| T Arc Se 2 


Minvy 4A | I Freeze OZ1FF VVSLUA R-15 = 


IV Tx First [@1500 (RRR) - 
Rpt: | ] jan FOO (73) s 


Dsec 0.0 
Gen Msgs | [auto is on] COQ Y¥SLUA EM13 > 


Freeze DF:-104 Rx noise: 0 dB TAR Period: 60 = 


Az: 35 4895 mi 


1.0000 1.0000 


Receiving single tone R from on 


Microwave 


Society 


“\ SpecJT by K1JT Sle 


Options Freq: 1983 DF: 713 (Hz) Buy < [>| Speed (1 tf 2° 3f 4f 5 € wm EF H2 
3 6400 «650006600 6700) 0S 800) 900 )«©1000 1100 1200 1300 1400 ,1500 1600 1700 1800 1900 2000 2100 2200 2301 


Peoctoborredboroedeoea bac Pa Pe Cee ee se Oy AT ad eee cere ere ed eee ee 


bee 


rey | 
; 


1 * Can 
ia 
Lath 


by K1JT ~ EE Microsoft PowerPoint ... 


"sae @ 55 ==) Bees 


North 
Texas 


NTMS 


Microwave 


Society 


“< WSJT 9.5 13033 by K1JT 


File Setup Views Mode Decode Save Band Help 


44 Time (s) O2Z1FF_130315_163900 
FileiID Sync 
163300 o -21 2.3 -182 4 
163300 o -21 2.3 -182 4 # 
163300 0 -20 o.1 -24 4 # 
163500 5 -16 4.3 -24 7? # WSLUA OZ1LFF -11 1 20 F 
163700 1 -19 4.4 -15 4 # 
163900 BE -20 -1.3 20 4 # 

= 

163900 "i T/7? 
163900 12/12 WSLUA OZ1FF 73 


To radio: Jo Z1FF Lookup i Sync -2| [ Zap OZ1FF VVSLUA, EM13 
Grid: [s045bo Add Tol 400 [ AFC Joz1 FF YWSLUA, -16 s 
Minvy & | [vw Freeze OZ1FF ¥¥SLUA R-16 @ |S 
I¥ Tx First @1500 (RRR) 2 
Ret [Si ljavoo7s 
Dsec 0.0 
sen mess | EE foo wscus ews : 


1.0000 1.0000 Freeze DF: -51 Rx noise: 0 dB TAR Period: 60 5 


AZ: 3S 4895 mi 


et stations using JT-4 (= 


¢ VK7MO_ .7 M Prime focus dish and 9 watts 

¢ W5LUA 2.4M Offset fed dish and 100 waits 
¢ OK1KIR 4.5M Prime focus dish and 20 watts 
¢ VK3XPD 3M Prime focus dish and 15 watts 

¢ OZ1FF  1.8M Offset fed dish and 10 watts 


Other stations QRV on 24 GHz EME via CW include VE4MA, RW3BP, 
OK1UWA, LX1DB, G4NNS, DK7LJ, DF1O0l, PAOEHG, DL7YC, IK2RTI, 
JA6CZD, F2CT, RKSWWF 


WWW.NTMS.ORG 


Coordination (= 


¢ HB9Q Logger for schedule coordination and chat on 432 
MHz and higher http://hob9q.ch/version2/index.php 

¢ 432 MHz and Above newsletter published every month 
for over 30 years 
http://www.nitehawk.com/rasmit/em/70cm.html 

¢ Moon-Net Reflector http:/Awww.nisa.com/nets/moon-net- 
help.htm| 


¢ Moon Reflector http://lists.moonbounce.info/cgi- 
bin/mailman/listinfo/moon 


¢ Microwave Reflector http://lists.valinet.com/cqi- 
bin/mailman/listinfo/microwave 
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North 


You might very well be close Toas 


NTMS 


with your tropo setup but.. — 


¢ Are you GPS locked? 
¢ Do you have the proper software for predicting the moon location? 


¢ Can you track the moon? Remember a 36 inch dish has a 3dB 
beam width of 2.3 degrees and a 1 dB beam width of 1.3 degrees at 
10 GHz 


¢ Elevation is easy — Remote a Sears inclinometer as written up by 
WA8RJF 


¢ Azimuth — Use either a US Digital absolute encoder or an 
incremental encoder and a W2DRZ system or an HB9DRI system 
for both az and el. Other option for US Digital absolute encoders is 
the use of a Weeder RS-232 controlled relay control board and 


K5GW software 
¢ Calibration — use the sun 
¢ Let’s run! 
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> Thanks to K1UT & VK7MO (= 


¢ Thanks to Joe Taylor K1JT for taking 
inputs and comments from VK7MO to help 
optimize the JT-4 modes for 10 and 24 
GHz EME 

¢ Check out Dubus 2/2013 for the article 
“Small Station EME at 10 & 24 GHz by 
Rex Moncur, VK7MO, and Joe Taylor, 
K1JT 


eS 


EME has been conquered through 47 GHz 
Next Challenge — 77GHz EME 


Ss FlexRadio Systems™ PowerSDR™ v2.6.4 FLEX-5000: 1708-2183 


Setup Memory Wave Equalizer XVTRs CWX Mixer Antenna  FlexControl 


VFOA 
START: VFO Sync 


77184.043 750 VFO Lock 


TUN 
TX 7.000000 


Esc Get Help 


About 
VFGx 


77184.156 246 


Heros 


Tune 


Step: - 10Hz 


Save Restore 


77184.025.0 77184.030.0 77184.035.0 77184.040.0 


AGC-T: 30 
77184.035.0 77184.040.0 


Drive: 50 


SPLT A>B 
A<B 


RXx2: RX1 Tap AOB 


IF->¥ 


xIT 0 RIT 0 
o He 


YACiT YAC2 


| 6/6/2013 
| LOC 16:57:59 


<esc> <E> 
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| TIME 9 DATE | 
16:57:59 06/06/13 
ANTENNA 


S| 
—,| 


- |0)x\5 


Fx1 Meter 1X Meter 


77184.045.0 77184.050.0 77184.055.0 


7#184.045.0 


MOON 


AZIM ELE Band: 77184MHZ 
-93 8 Doppler:-13875 .3 
Sky Tem: 2 
Loss dB: 
Tdeg dB: 
Pol: 
Lib: 


20 
7184 82.44 2 


FTRACK 
Revr freq: 77184.643754 
Rmtr freq: 77184.156246 
Sked freq:77184.166800 


OPMODE-USB TMODE:3 REX 


Pa/T AZ EL Az ELC | 
OFF 181.92 74.78-19.2 -@.? 


77184.060.0 


902 
2304 = 3400 
5760 10368 
24192 47088 
78192 77184 


DSB 
FM 
SPEC 
DRM 


| DEC § AZ ERROR EL 
18.2 -99.48 -31.67 


JUN @6 2613 16:57:59 
UN MON TUE WED THU FRI SAT 
1 


4 5mm ? 
12 13 14 
19 20 21 
26 27 28 


STATION B DATA 
Call: RW3BP Grid: KO85Ws 


Az:317.51 
Dop:—-98624 
Pol:-67 
Lib: 895 


Mpol: 21 
Mlib: 1372 


<B/b> 
bnd 


<T> 
tgt 


<A> 
aft 


<M> 
man 


<U> 
pos 


<Z> 


exit a/z 


<F> 
f/t 


<O> <L> 
stnB lib 


<P> 
plan 


¢t> --> 


Microwave 
Society 


32 


Millimeter Wave CW Exchanger: [1_June12_2013_1650Z.way] 


V = 100m DV=0 
Level Selected: F1=900.0 Hz 


T=100 ms DT = 0.000 ms 


Msg Len =0.704152s 


T BFSK SNR «19.7 cB 


Next RUN 


ca sec — Call Signal Source 
© Sound card 
i > | _Load Fie 


T t io 
R 601s [~ Tx First Wave file 
‘Averaging Controt ‘Audio Controt 
Start Time, s Message Len..s Avg Range. s View Setiings 
fant [0.7038 [200 [ Autoplay 
si telol bot i Mehol fo] si tchol fo} IV Endless Refresh 
Amount of Avg.= 282 
Control | Calibration Analyzer 
= ee Whee \- 


.wav file as replayed by RW3BP 


ception of RW3BP by W5LUA on 77184 MHz 
on June 12, 2013 using RW3BP’s MMCW Program 


North 
Texas 


Society 


| 
| 
| 
| 
| 
| 


Level 


Time 


250 Signal BW, Hz) Message Length 
2 Cw WPM 


T =100 ms DT = 0.000 ms 


Selected: F1=875.0 Hz 


5.6557 


Msg. Len = 0.704150 s Px Message Length, s Tx 
E 0.7038 icy 

EO 3.1988 C 

4.3073 C 

1.8123 c 

'@ 


| BFSK SNR =-18.7 dB 11025 x] Sample Rate, Hz About 
Next RUN Period, sec = My Call ~Signal Source— 
1 ?- 00: 00 {e600 [E © Sound card 
[~ AutoRun To Radio [7 Archiving 
Tx First @ Wave fil + 
Received 601 s Les SEEMS Load File 


IV AudioOn [~ Inverse [aq Gain, dB COM1 +| PTT 


Tone,H2 Ll J+J iv ATS | 
0.0003 Threshold, ¥) io DTRI- ras 
dddalbl 


| Fine Tuning, ppm 700 


| [497 
| le <l<lole [> Play Audio | 


Control | Calibration | Analyzer 


———— 


Same .wav file as replayed by 
W5LUA with 497 pom correction to 
message length 


NTMS 


Microwave 


PPP\WSLUA 77 GHz Assembly at 
Feed of 2.4 M Dish — 
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¢ Power needed — any leads on available 
power in the 77 to 81 GHz frequency 
range appreciated! My 47 GHz TWT is 
providing about 13 dB gain at 77 GHz but 
not sure of the power capability, also 
tuning Is very touchy! 


ee ———— 


“4 Thanks for Listening! (= 


¢ Any Questions? 


¢ My presentation will be posted to 
www.ntms.org after the conference 
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